Obsessive-compulsive disorder (OCD) patients show hyperactive performance monitoring when monitoring their own actions. Hyperactive performance monitoring is related to OCD symptomatology, like the unflexibility of compulsive behaviors, and was suggested as a potential endophenotype for the disorder. However, thus far the functioning of the performance monitoring system in OCD remains unclear in processes where performance is not monitored in one's own actions internally, but through external feedback during learning. The present study investigated whether electrocortical indicators of feedback processing are hyperactive, and whether feedback-guided learning is compromised in OCD. A modified deterministic four-choice object reversal learning task was used that required recurrent feedback-based behavioral adjustment in response to changing reward contingencies. Electrophysiological correlates of feedback processing (i.e. feedback-related negativity [FRN] and P300) were measured in 25 OCD patients and 25 matched healthy comparison subjects. Deficits in behavioral adjustment were found in terms of higher error rates of OCD patients in response to negative feedback. Whereas the FRN was unchanged for reversal negative feedback, it was reduced for negative feedback that indicated that a newly selected stimulus was still incorrect. The observed FRN reduction suggests attenuated monitoring of feedback during the learning process in OCD potentially contributing to a deficit in adaptive behavior reflected in obsessive thoughts and actions. The reduction of FRN amplitudes contrasts with overactive performance monitoring of self-generated errors. Nevertheless, the findings contribute to the theoretical framework of performance monitoring, suggesting a dissociation of processing systems for actions and feedback with specific alterations of these two systems in OCD.
relatives in a probabilistic reversal learning task Remijnse et al., 2006; Remijnse et al., 2009) . In contrast to what might have been expected, impaired behavioral switching in response to reversal has not been found in OCD (Chamberlain et al., 2007; Chamberlain et al., 2008; Remijnse et al., 2006; Remijnse et al., 2009; Valerius, Lumpp, Kuelz, Freyer, & Voderholzer, 2008) . Only one study found a reduced number of correct responses (Remijnse et al., 2006) .
Cognitive flexibility requires the ability to adequately process reinforcement signals, the inhibition of previously learned responses and the execution of new responses (Ragozzino, 2007) . Further, performance monitoring has been suggested as a prerequisite for successful learning and is related to medial frontal cortex (MFC) functioning (Ridderinkhof, Ullsperger, Crone, & Nieuwenhuis, 2004) . Therefore, performance and feedback monitoring play a crucial role for understanding impaired cognitive flexibility in OCD patients. Electrocortical correlates of performance monitoring and feedback processing are the error-related negativity (ERN, Falkenstein, Hohnsbein, Hoormann, & Blanke, 1990; Gehring, Goss, Coles, Meyer, & Donchin, 1993) and the feedback-related negativity (FRN, Miltner, Braun, & Coles, 1997) , respectively. Several studies revealed evidence for hyperactive response monitoring in OCD, as indicated by increased amplitudes of the ERN (Endrass, Klawohn, Schuster, & Kathmann, 2008; Endrass et al., 2010; Gehring, Himle, & Nisenson, 2000; Johannes et al., 2001; Riesel, Endrass, Kaufmann, & Kathmann, 2011; Ruchsow et al., 2005; Stern et al., 2010) . Different theories agree that the ERN signals the need for behavioral adjustment to ensure optimal future performance (Debener et al., 2005; Ridderinkhof et al., 2004) . Further, it has been suggested that ERN and FRN reflect worsethan-expected outcomes in the context of reinforcement learning (Holroyd & Coles, 2002) . According to biological reinforcement learning models, suboptimal outcomes lead to a decrease of dopamine release in the basal ganglia, which triggers ACC activation. Prior to learning, suboptimal outcomes can only be detected by negative feedback and an FRN is elicited. Once the correct response has been learned, the incorrect response itself serves as a signal for suboptimal outcomes and an ERN is elicited. During feedback processing the FRN is followed by a feedback-related P300 (Yeung & Sanfey, 2004) . While the FRN represents a discrete evaluation of events (good vs. bad), the P300 codes the relative value of an outcome (Yeung & Sanfey, 2004) . In addition, it has been suggested that the P300 represents memory updating processes in the context of feedback-based learning (Chase, Swainson, Durham, Benham, & Cools, 2011; Ernst & Steinhauser, 2012) . FRN and ERN, on the other hand, are assumed to represent similar underlying processes, which is supported by overlapping brain sources (Ridderinkhof et al., 2004) and by the inverse variation of FRN and ERN amplitudes as a function of learning described above (Holroyd & Coles, 2002) .
Whereas ample evidence exists for an overactive brain response associated with erroneous responses in OCD patients (i.e. internal error signals Endrass et al., 2008; Endrass et al., 2010; Gehring et al., 2000; Johannes et al., 2001; Riesel et al., 2011; Ruchsow et al., 2005; Stern et al., 2010) , results of studies on feedback processing are less consistent. Based on the assumption that ERN and FRN share functional characteristics, it stands to reason that the FRN should also be enhanced in OCD patients. However, existing studies investigating the FRN in OCD revealed results that are partly inconsistent with this prediction. Although a trend for larger FRN was found in OCD patients in one study (Nieuwenhuis, Nielen, Mol, Hajcak, & Veltman, 2005) , reduced FRN amplitudes were reported in subclinical populations with obsessivecompulsive symptoms (Gründler, Cavanagh, Figueroa, Frank, & Allen, 2009; O'Toole, Weinborn, & Fox, 2012; Simons, 2010) . Because significantly enhanced FRN amplitudes were never found, it was suggested that current models of performance monitoring in OCD should consider the possibility of a dissociation between response and feedback monitoring systems (Gründler et al., 2009 ). However, feedback processing has typically been investigated with probabilistic learning tasks in which an ERN enhancement in OCD was not found (Gründler et al., 2009; Nieuwenhuis, Nielen, et al., 2005) . Hence, the reduction of FRN amplitudes found in OCD patients may also be explained with higher task difficulty. With regard to behavioral consequences of feedback processing, OCD patients showed reduced learning from punishment than from reward (Nielen, den Boer, & Smid, 2009 ). However, normal learning performance but enhanced avoidance of negative outcomes was found in a probabilistic learning task (Endrass, Kloft, Kaufmann, & Kathmann, 2011) . In conclusion, alterations of feedback processing in OCD and its underlying mechanisms still need further examination.
The current experiment was designed to investigate behavioral indicators of reversal learning in combination with electrocortical indicators of feedback processing in one task. A previous study on probabilistic reversal learning in healthy individuals found a reduction of the FRN when negative feedback was followed by rule-based behavioral changes (Chase et al., 2011) . Because the aim of this study was to examine alterations of feedback processing in OCD in relation to behavioral reversal and to new response selection, a modified deterministic four-choice object reversal task was used (D'Cruz, Ragozzino, Mosconi, Pavuluri, & Sweeney, 2011) . Although rule changes can easily be detected in this task, it differs from two-choice tasks because subjects are uncertain about the next correct response after the rule has changed. This allows the comparison of feedback processing that triggers rule-based behavioral changes (reversal feedback) with feedback processing during the search for the new correct response (exploration feedback). Further, the task does not include probabilistic feedback, which may cause distinct performance monitoring problems in OCD (Gründler et al., 2009; Mathews, Perez, Delucchi, & Mathalon, 2012; Nieuwenhuis, Nielen, et al., 2005) .
Although previous reversal learning studies did not reveal behavioral performance deficits in OCD Remijnse et al., 2006; Remijnse et al., 2009) , deficits were found with several other tasks investigating behavioral flexibility (e.g. Bohne et al., 2005; Cavedini et al., 1998; Chamberlain et al., 2006) and in an associative learning task ). Hence, a higher rate of perseveration errors in OCD patients (i.e. incorrectly choosing the previously correct stimulus) would be in line with the notion of impaired cognitive flexibility in this patient group. Based on the finding of impaired learning from punishment , OCD patients are hypothesized to show deficits during the search for the new correct response following a reversal. The design of a reversal task that is sensitive to the deficits in behavioral adaptation of patients with OCD would enable future research to investigate performance monitoring dynamics in OCD in greater detail. With regard to electrocortical indicators of feedback proThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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cessing, previous results suggest the following predictions: Based on a model that assumes that ERN and FRN represent a common process (Holroyd & Coles, 2002) , larger FRN amplitudes in OCD patients may be expected because they also show larger ERN amplitudes (e.g. Endrass et al., 2008; Gehring et al., 2000) . Alternatively, based on a model that considers different roles for performance and feedback monitoring in OCD (Gründler et al., 2009 ), smaller FRN amplitudes may occur in the patient group. Such a dissociation of the two processes would be in line with reduced FRN amplitudes in subclinical populations with obsessivecompulsive symptoms (Gründler et al., 2009; O'Toole et al., 2012; Simons, 2010) and with reduced brain activations for reversal negative feedback Remijnse et al., 2006; Remijnse et al., 2009 ). Finally, changes in feedback-related P300 amplitudes are examined to determine whether OCD patients show alterations in reward value coding of outcomes (Yeung & Sanfey, 2004) .
Method Participants
Twenty-five OCD patients (16 female) and 25 healthy comparison participants (HC, 17 female) completed the present study. Demographic and clinical group characteristics are provided in Table 1 . Groups were matched and did not differ significantly with respect to age, gender, years of education, and verbal intelligence (as measured by a German vocabulary test, Schmidt & Metzler, 1992) .
Patients were recruited from the outpatient unit of the Department of Psychology at Humboldt-Universität zu Berlin. They met DSM-IV criteria for OCD as assessed by trained clinicians using the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I, First, Spitzer, Gibbon, & Williams, 1995) . The SCID-I is a semi-structured interview for the assessment of DSM-IV Axis I Disorders with moderate to excellent inter-rater agreement (Lobbestael, Leurgans, & Arntz, 2011) . In addition, SCID-I results were carefully discussed in case conferences attended by three to four trained clinicians, and best estimate diagnoses were made accordingly (Klein, Ouimette, Kelly, Ferro, & Riso, 1994) . All patients received cognitive-behavioral psychotherapy at various stages at the time of laboratory testing. Exclusion criteria for patients were predominant hoarding symptoms, motor tics, current or past substance abuse or dependence, psychotic disorders, previous head traumata, or known neurological disorders. Thirteen patients currently had one to three of the following comorbid diagnoses: major depressive episode (n ϭ 4), panic disorder (n ϭ 5), generalized anxiety disorder (n ϭ 4), agoraphobia (n ϭ 3), social phobia (n ϭ 1), specific phobia (n ϭ 2), and hypochondria (n ϭ 1). Eight patients took psychotropic medications at assessment: escitalopram (n ϭ 1), citalopram (n ϭ 2), fluoxetine (n ϭ 1), paroxetine (n ϭ 3), and clomipramine (n ϭ 1).
The comparison group was recruited from the local community through flyers and announcements in local newspapers. Eligibility was determined using a structured telephone interview to exclude past and present psychiatric disorders, psychotropic medication, previous head traumata, or known neurological disorders. In addition, a SCID-I screening was conducted before experimental procedures started. All participants had normal or corrected-tonormal vision.
Obsessive-compulsive and depressive symptom severity were assessed in the patient group via clinician ratings using the YaleBrown Obsessive Compulsive Scale (Y-BOCS, Goodman et al., 1989) , and the Montgomery Asberg Depression Scale (MADRS, Montgomery & Asberg, 1979) , respectively. Symptom self-report scales, namely the Obsessive-Compulsive Inventory Revised (OCI-R, Foa et al., 2002) and the Beck-Depression-Inventory II (BDI-II, Steer, Ball, Ranieri, & Beck, 1997) were administered in both groups. OCD patients were characterized by mild to moderate levels of OCD symptoms (as indicated by YBOCS scores). Although average depression scores were low in patients compared with other studies, they were significantly higher than in the comparison group (five patients reported BDI-II scores Ͼ12). After detailed verbal and written explanation of the study procedures in accordance to the ethical guidelines of the APA ethical standards, participants gave written informed consent. The study was approved by the local ethics committee of the HumboldtUniversität zu Berlin. Participants received a financial compensation of 10€ per hour.
Task and Procedure
Participants completed a deterministic four-choice object reversal task (D'Cruz et al., 2011) . On each trial four geometrical shapes were presented (square, triangle, cross, and circle), and the participants were instructed to select the correct stimulus by pressing a button in correspondence to the location on the screen (Figure 1 ). Geometrical shapes filled 2°of visual angle and were presented along the horizontal axis of the screen. The position of the four stimuli on screen was randomized across trials. Participants were seated in front of a table carrying the monitor and response devices. A chin rest ensured equal viewing distance (65 cm), as well as reduced head movements and muscle artifacts. Four response buttons were mapped onto left and right index and middle fingers. On each trial the four stimuli were presented in blue color for a maximum duration of 1400 ms until response This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
execution (response time: M ϭ 586 ms, SD ϭ 180, Min ϭ 113 ms, Max ϭ 1399 ms). After each response the chosen stimulus turned green and was followed after a delay of 700 ms by feedback (1000 ms) indicating whether the response was correct (happy smiley) or incorrect (sad smiley). In case no response was executed, the instruction to respond faster was displayed for 1000 ms after the maximum duration of the stimulus. Before the next trial started, a fixation mark was presented for 500 to 700 ms (varying randomly in steps of 50 ms). The total trial duration varied between 2300 and 3800 ms depending on response latency and the duration of the inter-trial-interval. After participants had chosen the correct stimulus, it remained correct for the following six to twelve trials (pseudo-randomized). Subsequently, contingencies changed and negative feedback followed the formerly correct response ("reversal negative feedback" from here on) indicating that one of the other stimuli should be selected. The new correct choice could be any of the three remaining stimuli, and participants had to search for the correct response while receiving negative feedback for incorrect choices of a new shape ("exploration negative feedback" from here on). Hence, the new correct response could require one, two, or three behavioral adjustments. When two or three switches were required one or two exploration negative feedback events were presented, respectively. An algorithm ensured that the number of necessary switches to be explored before participants received positive feedback, were equally frequent across participants and blocks (pseudo-randomized order). Therefore, the number of reversal and exploration negative feedback events was fixed, but in addition different types of errors could occur while the new correct response was searched. Errors were defined as perseveration errors (incorrectly continued choice of the previously reinforced stimulus in trials following reversal negative feedback), exploration errors (repeated choice of an incorrect stimulus during exploration), and spontaneous errors (incorrect choice of a non-reinforced stimulus before reversal). It was not possible to control for the number of times that each shape was selected as a target. The percentage of how often each of the four shapes was selected as target did not differ between groups or conditions indicating that the four shapes were sampled with similar frequency in both groups. A total of 90 reversals were included in the present task. Before the experiment, participants were instructed and completed a run of 25 practice trials. The experiment included an average number of 1032 (SD ϭ 35.6, Min ϭ 947, Max ϭ 1133) trials and lasted about 50 min. The number of trials presented did not differ between groups, t(48) ϭ 1.61, p ϭ .114.
Data Recording and Analysis
The electroencephalogram (EEG) was recorded with an EasyCap electrode system (EASYCAP GmbH, Herrsching-Breitbrunn, Germany) from 61 head sites of an equidistant electrode cap (covering the lower head with inferior electrodes) and four external positions: below the left and right eye, at the nasion and the neck. All electrodes were referenced to Cz and impedances were kept below 5 kOhm. The ground electrode was located below T1. The EEG was amplified with two 32-channel BrainAmp amplifiers (Brain Products GmbH, Munich, Germany). Signals were digitized with a sampling rate of 500 Hz and a resolution of 0.1 V. The time constant was set to 10 s.
EEG data were off-line filtered with 0.5 to 20 Hz (24 db/oct), then re-referenced to average reference, and corrected for eyemovement and blink artifacts using the multiple source eye correction method (Berg & Scherg, 1994) implemented in BESA5 (Brain Electrical Source Analysis, MEGIS Software GmbH, Gräfelfing, Germany). Epochs of 200 ms before and 800 ms after feedback onset were extracted from the continuous EEG. The average of the first 200 ms of the epoch served as baseline. Segments still containing amplitude changes exceeding 100 V, or voltage steps of more than 40 V between consecutive data points were excluded from further analysis. Individual averages were obtained separately for the following feedback types: negative reversal feedback, first and second exploration negative feedback, and positive feedback after one, two, or three switches. Mean number of averaged trials was significantly higher in the reversal and first exploration negative feedback condition, but did not differ between groups (see Table 2 ).
For statistical analysis individual averages were obtained time-locked to the onset of the feedback stimulus. Peak-to-peak amplitudes were calculated by subtracting the positive peak amplitude immediately preceding the FRN from the negative peak amplitude of the FRN. The positive peak was searched in an interval between 100 and 300 ms after stimulus onset and the negative peak between 220 and 420 ms (FRN). Peaks were searched at Fz, FCz, FC1, FC2, and Cz. Further, P300 amplitudes were determined as the most positive peak amplitude at the electrodes CPz and Pz between 300 and 600. FRN and P300 amplitudes were averaged across electrodes and statistically analyzed with repeated measurement ANOVAs including the Figure 1 . Schematic depiction of the deterministic four-choice object reversal task. Participants were instructed to choose the correct object among the four presented ones. After a series of correct choices contingencies changed (reversal) and the new correct response had to be searched for. With equal probabilities it required one, two, or three switches to find the correct response (see also task and procedures). This document is copyrighted by the American Psychological Association or one of its allied publishers.
between subject factor Group (OCD patients vs. healthy comparison subjects) and the within subject factors Feedback Type (reversal negative feedback, first and second exploration negative feedback, first positive feedback after one, two, and three switches). Number of errors was examined with an ANOVA with the factor Error Type (reversal error, exploration error, and spontaneous error) and Group. Reaction times were analyzed with the factors Group and Response Type (correct, first switch, second switch, and third switch). Greenhouse-Geisser correction was applied when appropriate. Fisher least significant difference (LSD) t tests were used for follow-up comparisons on significant main effects or interactions. Figure 2 shows the grand-average ERPs at channels FCz and CPz for OCD patients and healthy comparison subjects. The ANOVA on FRN amplitudes revealed a significant main effect of Feedback Type, F(5,240) ϭ 10.89, p Ͻ .001, ε ϭ .71, 2 ϭ .19. The FRN was larger for exploration negative feedback events than for reversal negative feedback as well as positive feedback after successful switches, all comparisons p Ͻ .02. Reversal negative feedback amplitudes did not differ from positive feedback amplitudes. Overall group differences were reflected by a trend for a main effect of Group, F(1, 48) ϭ 3.24, p ϭ .078, 2 ϭ .06, and a significant interaction of Feedback Type ϫ Group, F(5,240) ϭ 6.47, p Ͻ .001, ε ϭ .71, 2 ϭ .12. The FRN was significantly smaller in OCD patients than in comparison subjects for the first, p Ͻ .001 and the second exploration negative feedback, p ϭ .018. In contrast, the FRN on reversal negative feedback and positive feedback did not differ between groups, p Ͼ .4. Whereas healthy comparison subjects had larger FRN amplitudes on exploration negative feedback than on all other feedback types, p Ͻ .001, FRN amplitudes in OCD patients did not vary with feedback type, p ϭ .25 (see also Figure 3A ).
Results

Behavioral Data
ERP Results
The ANOVA on P300 amplitudes revealed a significant main effect of Feedback Type, F(5,240) ϭ 20.36, p Ͻ .001, ε ϭ .75, 2 ϭ .30. The P300 was larger on all positive feedback events and on second exploration negative than on reversal negative feedback, p Ͻ .05, and the P300 on positive feedback was larger than on the first exploration negative feedback, p Ͻ .01. Although the P300 on positive feedback events did not differ among each other, the P300 on negative feedback increased from reversal negative feedback to both exploration negative feedback events, p Ͻ .05, whereas the latter two did not differ. A significant main effect of Group was not found, but the interaction of Feedback Type and Group revealed that the feedback type effect was slightly larger in patients than in This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
comparison subjects, F(5,240) ϭ 2.72, p ϭ .034, ε ϭ .75, 2 ϭ .05. Although significant group differences for each of the Feedback Types were not found, P300 amplitudes in patients relative to comparison subjects were reduced after reversal negative feedback, but enhanced on positive feedback events and on the first exploration negative feedback (see Figure 3B ).
1
Relationship Between Clinical Characteristics and Task-Related Measures
Pearson correlations between clinical measures (OCI-R, YBOCS, BDI-II, MADRS, number of completed treatment sessions) and behavioral and ERP measures were calculated. Significant correlations were not found, all p Ͼ .10.
In addition, the pattern of results remained stable when patients showing clinical levels of depression (BDI-II Ͼ 12, n ϭ 5) or taking psychotropic medication (n ϭ 6) were excluded from the analysis of FRN amplitudes. Both analyses revealed significant interactions of Group and Feedback Type, F(5,215) ϭ 4.33, p ϭ .004, ε ϭ .769, 2 ϭ .092 and F(5,210) ϭ 5.86, p ϭ .001, ε ϭ .756, 2 ϭ .012, respectively. To further clarify whether group differences were independent of behavioral performance, number of errors (perseveration and exploration errors) was entered as a covariate in an analysis of covariance. The interaction of Group and Feedback Type for FRN amplitudes remained significant, F(5,235) ϭ 5.42, p ϭ .001, ε ϭ .798, 2 ϭ .103. In contrast, this interaction was no longer significant for P300 amplitudes. Instead, a significant Feedback Type ϫ Number of Errors interaction was found, F(5,235) ϭ 6.52, p ϭ .001, ε ϭ .783, 2 ϭ .122, indicating that the modulation of P300 amplitudes relied on the amount of errors rather than on group differences.
Discussion
This study examined feedback processing and behavioral adjustments in OCD patients using a modified deterministic fourchoice object reversal task (D'Cruz et al., 2011) . OCD patients showed enhanced rates of perseveration and exploration errors. They wrongly continued selecting the stimulus that was correct before a reversal (perseveration error) and repeatedly selected stimuli that had already been associated with negative feedback during the search for the new correct response (exploration error). The observation of higher error rates is consistent with studies showing that OCD patients exhibit a deficit in set-shifting tasks requiring feedback-based behavioral adjustment (e.g. Abbruzzese et al., 1995; Abbruzzese et al., 1997; Bohne et al., 2005; Bradbury et al., 2011; Cavedini et al., 1998; Cavedini, Zorzi, Piccinni, Cavallini, & Bellodi, 2010; Moritz et al., 2001; Roh et al., 2005; Veale et al., 1996) . However, several studies assessing reversal 1 Given that trial numbers varied between conditions, ERP effects may be confounded with frequency effects. Therefore, two additional analyses were performed: One analysis was based on the first 30 trials in each feedback condition, and the second analysis included only negative feedback events of the condition that required three successful switches. All analyses confirmed the above described results. The analyses of the first 30 trials revealed significant main effects of Feedback Type; FRN, F(5,240) ϭ 13.58, p Ͻ .001, ε ϭ .78, 2 ϭ .22; P300, F(5,240) ϭ 6.09, p Ͻ .001, ε ϭ .71, 2 ϭ .11. Further, interactions of Feedback Type ϫ Group were also significant; FRN, F(5, 240) This document is copyrighted by the American Psychological Association or one of its allied publishers.
learning with two-choice probabilistic reversal learning tasks report unimpaired performance Remijnse et al., 2006; Remijnse et al., 2009) . Therefore, higher perseveration rates might thus be explained by an increase in uncertainty compared with two-choice versions of this task (D'Cruz et al., 2011) . Although further investigation is needed, the current task design proved to be sensitive for behavioral deficits congruent with cognitive and behavioral inflexibility-a core feature of OCD symptomatology. OCD patients showed reduced FRN amplitudes for exploration negative feedback (indicating that a selected form is incorrect) but not for reversal negative feedback (indicating a rule change so that an established behavior is no longer correct). Amplitude reductions of the FRN were previously reported in subclinical samples with obsessive-compulsive symptoms (Gründler et al., 2009; O'Toole et al., 2012; Simons, 2010) and individuals with high-trait anxiety (Gu, Ge, Jiang, & Luo, 2010; Gu, Huang, & Luo, 2010) . As the FRN is generated in the MFC (Miltner et al., 1997; Ridderinkhof et al., 2004) , the unchanged FRN amplitudes on reversal negative feedback are consistent with brain imaging studies showing no alteration of MFC activity, but reduced OFC activations during reversal negative feedback processing in OCD patients Remijnse et al., 2006; Remijnse et al., 2009) . In contrast, the FRN reduction and behavioral deficits occurred in the exploration phase which is similar to association learning tasks . This is also consistent with the finding that the processing of the causal relation between action and outcome is impaired in OCD patients, which was interpreted as a general impairment of goal-directed action control resulting in overreliance on habits (Gillan et al., 2011) . Alterations in punishment processing in OCD are also supported by reduced response control under punishment conditions (Morein-Zamir et al., 2012) , and a bias for greater avoidance learning . The FRN reduction for exploration negative feedback might thus be understood as an indicator for altered punishment processing associated with deficits in behavioral adaptation. Further studies should investigate the causal relation between altered feedback processing and behavioral impairments.
While this study revealed a reduction of FRN amplitudes in OCD patients, numerous studies found an enhancement of the ERN (Endrass et al., 2008; Endrass et al., 2010; Gehring et al., 2000; Hajcak, Franklin, Foa, & Simons, 2008; Johannes et al., 2001; Riesel et al., 2011; Ruchsow et al., 2005; Stern et al., 2010) . These findings were taken as evidence for altered performance monitoring attributable to enhanced monitoring of internal events resulting in hyperactive error signals. The diverging modulations of ERN and FRN in patients with OCD speak for a functional dissociation of internal (response) and external (feedback) monitoring systems (Gründler et al., 2009 ). These functional aberrations might relate to the symptomatology of OCD in the following way: Reduced monitoring of external events may be associated with the perception that these events are less controllable or predictable thereby enhancing the subjective urge to monitor self-generated actions. In turn, this could add to the reduction of external feedback monitoring. This interpretation is consistent with the deficit of OCD patients to internally predict the sensory consequences of their actions (Gentsch, Schutz-Bosbach, Endrass, & Kathmann, 2012) and the bias for overestimation of possible negative outcomes (Moritz & Pohl, 2009; Myers, Fisher, & Wells, 2008) . The current results thus provide a more fine-grained picture of the underlying cognitive mechanisms in OCD, directing further research to a more careful distinction between internal and external monitoring processes in OCD.
The reinforcement learning theory suggests that the FRN reflects an evaluative signal that depends on outcome valence and outcome expectancy (Holroyd & Coles, 2002; Holroyd, Hajcak, & Larsen, 2006) whereby larger FRNs precede behavioral adjustments (Cohen & Ranganath, 2007) . Yet, the current study showed a reduction of FRN for reversal negative feedback relative to exploration negative feedback, both of which are followed by behavioral changes. However, the current result is consistent with a reduction of the FRN that preceded reversal based behavioral adjustments (Chase et al., 2011) . To explain the contradiction to reinforcement learning models, different forms of outcome-based behavioral adjustments were assumed. Although behavioral adjustments in response to reversal events should be driven by explicit higher order knowledge about task structure, adjustments to ex- FRN) and feedback-related positivity (B, P300) in participants with obsessivecompulsive disorder (OCD, gray) and healthy comparison subjects (HC, white) for reversal negative feedback (Reversal), first and second exploration negative feedback (Explor 1, Explor 2), and positive feedback after one, two, and three switches (switch 1, switch 2, switch 3). This document is copyrighted by the American Psychological Association or one of its allied publishers.
ploration negative feedback should rely on implicit processes assumed by reinforcement models (Chase et al., 2011; Cools et al., 2009) . Based in this interpretation, the FRN reduction for exploration negative feedback in OCD patients could indicate that feedback processing relies more on explicit rather than implicit processes. The modulation of the P300 was more pronounced in the patient group than in the control group as indicated by the interaction of feedback type and group. The P300 is influenced by target probability and the saliency of events and was suggested to reflect outcome evaluation and explicit memory updating during feedback processing (Chase et al., 2011; Ernst & Steinhauser, 2012; Nieuwenhuis, Aston-Jones, & Cohen, 2005; Ridderinkhof, Ramautar, & Wijnen, 2009; Yeung & Sanfey, 2004) . Hence, the amplification of the P300 on positive feedback after successful adjustment may indicate that these events were more salient and associated with explicit memory updating processes. However, group difference in the P300 disappeared when behavioral performance was entered as a covariate. P300 alterations are thus mostly related to behavioral deficits in the patient group.
Limitations of the current study concern sample size, medication, and co-morbidity in the patient group. Nevertheless, it is unlikely that observed results are driven by medication or depression, because ERP and behavioral effects remained stable after excluding patients showing clinical levels of depression or taking medication. Further, depressive symptoms did not correlate with FRN amplitudes despite earlier studies of enhanced FRN amplitudes in clinical depression or in individuals with negative emotionality (Mies et al., 2011; Santesso et al., 2011) . Future studies including larger samples of unmedicated OCD patients in combination with comparison groups including patients with other anxiety and affective disorder would corroborate the current results. Finally, it is unlikely that the usage of schematic faces as feedback stimuli represents a confound for the ERP results because early perceptual face processing as reflected by the N170 (Aarts & Pourtois, 2012) did not differ between groups.
Together, the results of this study contribute in several ways to a growing body of research showing that OCD patients are impaired in specific aspects of feedback learning and flexible behavioral adjustments. First, with the current four-choice reversal learning task, it was possible to measure a deficit in external feedback-based behavioral adjustment in OCD patients, which is consistent with the symptomatic reduction in cognitive and behavioral flexibility. Second, the reduction of FRN amplitudes was shown in a clinical population with OCD providing insight into the neural mechanisms that may underlie behavioral deficits in OCD. Third, the current results contribute to theoretical models of performance monitoring stressing the divergence of internal and external monitoring processes in OCD.
